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(54) SEMICONDUCTOR MEMORY ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a highly stable 
semiconductor memory element having extremely low 
deterioration of properties. 

SOLUTION: A TiSiN barrier metal layer 13 is formed on a 
Pt upper electrode 12. It has conductivity and shielding 
property against hydrogen gas and keeps stable 
amorphous structure at a high temperature range without 
being crystalized, even when it is baked for 
crystalization of oxide ferroelectric substance thin 
film (SBT thin film) 11. Then, the TiSiN barrier metal 
layer 13 surely prevents the entry of hydrogen gas which 
is generated during formation of a second inter-layer 
insulating film 15, into the oxide ferroelectric 
substance thin film 11, thereby preventing the 
deterioration of properties of the oxide ferroelectric 
substance thin film 1 1 due to hydrogen gas. 
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mtmm^mm, ±wmm * + /< * t . 

r m i m *. tz z t * wm. t ? z, > ■* 
imxm 2 ] mxm i kib*w>jmm:> * m+iz& 

-o t -> >J rz > t Ofift»*BU &&W4, ±fev;P3 
a,^*7*,^>; yf^,-A7-') a, 7 v ?;u£«fcy-* 

±IB/ < t n (4 , ±ie v ;p n - •> a , = * 7% -t tt 

L, ±IS->'J 3>tSit*EU a»^Nt*ELfc 
0.9 5, 0 < y S 1 . 3 T*fe-l.#ftT*M ?ilTv^ ; 

[fi!*]S5] IS*^4 tcfB«<75#^^^'J^(-iJ 

7 — ? a, 7 > 7 a,& x zf? >ifX7-><r>o %<r>mnfr 

^nr>oH <OMM><oa*^fc^ t -> '1 n > t 

U ±e-> , J=r>*SifcXBU fi«£N iSEIELfc 
M> S ii-xNy-C**?n, fio. 0.75SxS 
0.9 5, 0<yil. 3f*i#ftfil?fltt^; 

[0 0 0 1] 
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[0 0 0 2 J 

• T 7 -fc 7. • > * >; * 'J SH^gj^S-ffci; 

LTI4STO(SrTi03; f-7 >®tX ha>f r) A )^> 
B ST((Ba, Sr)Ti.0 3 ; f- ^ -> A, f- ^ >K 

70 X hn>^^A)^7>^;u^tm(Ta205)^7i» J *i), 
D R A M&^-W&m tfMt $ ix.X v»4 o 
[0 0 0 3]-*, fcWtt,E*tt, 

t l it T-m §m * * m^r mmnfr *&■ ) 

^<b. yFm5tft** Wh-tah-?, SRAMU 

^•r-f 7 i? R AhD-^D R AM^<05p i:*<7jp< ^ 'J (Cfi# 

[0 0 0 4] a»HWtttLtli, PZT(Pb(Zr, 
Ti)0s ; v^3>^,f-^>Ki&)^«0ii)i:-r^^D 

* S rB i 2 T az 0 9 H* X -7 X mtkmmi t**#»*», 
[0 0 0 5] 

[»w*»»*Lj:-j t-t-saa] -feu, ±.&<r>mm 

m^a^^^^iWti-* B P S G (borcHihospho si I i 
cate glass)^(7)^F^*6^T-^S$tL*o ki%* { , 

5ftif^«:^W^U(4-?-c0tf14o^b* ? *ii^i: 

[ooo6] t tz* mo s (&mmm*mm f 9 > > 

ti^>7» { , -ew^-g-07K^iSiS(4, 
50 Mtt!NRJgj&B$Uft£1-&;jc%J: I) tJ»«ft-C, 
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[0007] ±&<Dmmzmikirzfzit>{z > i-iT^xo 

&tt*^fc£ ftX^Zo 9ft\ ^fW¥7-l 113 18 

^Am-fmzttfz&m&ft** y-cuu ai, sit l 
mmt lx^&o tz6i>K ±tmmmtt> &mn.&t 

LTSrBi2Ta2 09$rffl(/»/j^^-(Z(i, SrBiaTazOg 

<oi£S i itzmz>tz?><D&i&i%.&X'%ii> B <ltLx li * 

lx. %ikitLtzmmmx't±, &Rm s '< xt** tzn> 
m^fzt§&i>[simz&zz, 0 

{0 0 0 8] tfz. #B3¥7-2 7 3 2 9 7#&#(C|e 

mzufz&m&ftt^vx-ti^ &wg.frmm<7>i*}mzegi. 
mLtzfcfrtKfctz&mmtvomzmiv&mmt 
l> mt^wm^m.-ti>^mzu^x^±-ti,iK^if 

a, ±.mnmv>wt) ihLu<ogiutf&mx'$>t) ^ mmm 
tf%^tz&izmbfr<om&ft*T.$:&&mx'$> *) , an 

[0 0 0 9] S<bK, ±KlfJ2<DfSSjg|OJ:9t^ #g 
SEiRRR t^-eff ft-t* J: o &*ii<7» * 'J 

[0 0 10] MitCLTfc, ±fE*««*li, -Lgpm® 

[0 0 1 1] ifc, TaaOs^OgHfc^iSS^fl^DR 

TiNJB!ST±8B$ffii: LTfflv^^ -?-?>*§ £\ Jf|y]& 
#J&^)£f£ o 7 - - ;H$(; * -v / * v * *£i£JR?>»3&a*Jt 

[ooi 2] *zx% z<7)%Bn<oB&ii, ww.&mm:ff> 

Z>Ztl,ZhZ> 0 
[0 0 13] 

«*«*-£-tr* ±IB* Jit;, 
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[0014] ±mmf&izxtnf^ '<>)Tm<r>j&i&mzm 

#§£1" £ TkSt if 7. ^ftffl $ Hi, 7km if 7 dnftf kft At»« 

Bf$n-& 0 :ht, ±%?.7kmif*iziz>mt®mw.fe 
mmwmizn-fzmiiftmrfMkzti^ ±fg±$s&t 

;o [oo 1 5] £<bt~, ±i5/<'; rma, ±umt^>mm 
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[0 0 16] Sfc, |f^Jl2 W^JSKC 
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[0 0 19] ±IS«J3g(Zj:itlf. &U%mm&i3XV ! 7k 
40 [0 0 2 0] tt, 9tJ|4i:i4^(0fi»^t'J 

^«a**i-*±»«**flix. tz z t zftmt lx^ 
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[0021] ±tmmz nii£^ ±tmimftmn#m 
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^Mmm.wmm<7> >)-? m»#tt«>#fl:a«@» $ ft 

2 biz, ±E±»WSi±, ±ESftfi:»ffillltt#*ll 

OttJftflfiE-elSa'fbS ft* CtA*i<7^77Xtig 
±E&£#*<Ott«t&it*2&£ttK#£#1-.2> 0 
[0 0 2 2] «:RJR5K«4S&9U4, B»*Jl4tC 

*.>H34t>*? >yx7- ><r>o *><o\mxfr— ot v'j n> 
t wSfk^Sm, ab&v>{4, ±SEv*^3^^A,^^--7', jo 
■77*>,^y — *?&, 9 > 9)i<i3£V s 9 y yz.T><r> 

•9 *><oM^oa*-§-*>-fr t -> 3 > t oa-fb^&n-r- 

[0 0 2 3] ±E»J£U4ft(i\ ^Stti3J:U f aim**X 

**i-«±»*S**, £»(CJEMS*ft4o 
[0 0 2 4] Hf*Jl6K#*$&l5UJ4, »#8 5K 

14, JilBv^3-'>A.-*7',^e'J /f>,A7-^A, 
* > * ;H3 4, IF * >^f>*MiSEU iE'/'Ja 20 
>*Sifc*EU S**Ni:fEELfc»<frtc, M, S i 
i-«NyfI$il, lo, 0.752x^0.95, 0<y 
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KM^ftwii] bit, -<7>nig^ii^<7)*is<7>» 

[0 0 2 7J fife*., »l»tIy'J3>l«l± 

*fc&i£1lfcffi*£4 £;Tt&M0 S (CMO S OffiliMMO 
S) £«J$;-t&-7J<7>MO S ») fifeTJOMO S (4*B&) 
«? ftTJS *) , » 1 VBM&iUK 5THfcftTV»4 0 
ffi, 6 ItXT-H^WKftlt-C* •) , 7li#«j5"j3>9 
-Kfl-e**. -tUT, ftl*PM&«K5t::(i, ±EC 
MOS t*M'* ; yi?Ut>i:&%ttZ>tztb0>^> 9 9 V7 
9^8*«JFM$ftTv»-5 0 

[0 0 2 8] ±E*1 5±UiJ»t4 a 

^I9.p tTSP^s i o .Bfbtt&iiHRttgie i i , p 50 
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X±M^M \ 2&ZV t TaS\N/*<)T * 9 Al§ 1 ZiFfo 
J&SftT, ±E*+/<'>*»«r»*LT^4 0 ^LTsE 

Ta2 0s/<'Jr**Bll 4 J3iO f ^2@K*6»mi 
5T-SfcftTi3l9, Ta S i N/*'J T /■ 9 ;Hf 1 3±(CiJ 
lt^Ta2 0s/N''J 7IS11 4£ XU^JIfflftlKffil 
5*»HP*ftT, Airu- Mil 6^tt»ftTv« 

[0 0 2 9] S^U, £#d*g3*mttltlU 7f5fc 
ftTv»4 0 fit, J*3«HftfHU 7KHIt*y-* 
«i*3 ±.KIi3>ir* h*-^*«^^$ft % V-XffiJg 
3 t 3>^^ h«:fl5l-5/c*OAItr y h£gl 8a*JM$ 
ftTv>& 0 

[0 0 3 0] JiETaSiN^'J T> 9 frJB 1 3 

li, *«tti»J:ir**:«r*iBiBrtt*;flrU lo ( 

-Ht, ±E**#*Ui4»fb»aK*#*ill 1 

^tiBO»7C*4^#fb^ihSft*«>-TNfe*. 

[0 0 3 1 ] ±E*J* 4 3*RW#> 
ttTO J: ^ 4f 1CJ: 9T««S*i4, $feT\ 0 2(a) 

tc^r i 9 m i vta** 3 >a&K 1 ±u*^ji 

«>*:*OSIE^««-ligMb»6*»*L*:||, ii^OMO 
SFEKMOS S^3^I^ h7>v'7 9)Mm^mz £ o 

'i v U 3 > 7 - Ki 7 fi4MO S ^Mt4„ -e-L 
T, BPSG-Crt&*l«Htt*«5-C«ofc«, ±E 

Af3>?^h7 7 ^8Win, -eit, CMP(C 
hemical Mechanical Pol ishing)^tC<t otS 1 ^Ffl^fe 

[0 0 3 2] ^i:, 02(b)U^-f4d»:, X/N'y^ft 

tz <t o xm%.mm 3 0 0 0 a<ot m 1 9 45 4 ^ik)? 2 

0 0 0 AOTiN/^'J T> ^A-Jf 9 ifemLtzfe. W 

v tmizx^TPtmmimmi 0 0 oAt-itsLtpt 

TS^Sl 0«t4 o fit, COPtTS&m&l 
0±tC, ^b^lfCfr^l 1 t LTSrBizTaaOs 

mmar, sBT»iicB&tt4)tigi2oooAt- 

«;Mt-So ft, ±ES B TSfK 1 1(4, *?*?B i&M<0 
Sr : Bi : Ta= 1:2.2: 2{:^-&J:T(cp^L^fr 

* 3 m u^-it t x tr > ^ l , $tm l tzikiz& 

SLTffMti. ^^L^f^, 9&\Z£ oTPt 

IBIS-ffilJf 1 0 0 0 AT-j£)£L.TPt±6Gmei 2tU 
? e>H^O±lc, TaS iN/^'J 7> J'^S 13*100 
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o Aom&v&m-t&o ft> Hi 1 9 a, a > 9 9 h 

[0 0 3 3 J ±ieTaSiN^'>;r^ 9>vm 1 3©ffili: 
li5lc>1±X/N-7 ?j££ffl</>& 0 Ce7>KJSt£X/< 9 'J > 
*'(±. A r t Na t <7>S-&**^. ZRi^tz R F X/< 
•y*gS-C*f-9o ;©RFX/<^m Tat Sit 

X iifcl.lt Sr^ffc fcKJroTTa/S i/N<OHit 

^i^:iA ! t-Ho **iftO»«U*v»rtt, Ta 
?-y7 F^ftBS* 4:3 0 OWifi-^, S i 9 

*t&N2 2fXsfctit£ 1 0%t U f&Wk&jj £ 4 . 0 mTo 
rrtLfCo f LT> ±&«>*#-CJ9«LfcTaS i Nil 
O&j&llTao.so S io.2oNo.59-C*^,C t R B S (R 
utherford Backseat ter ing Spectrometry) £rfflv»7ti8!)5e 

10 0 3 4J -?-<7>f£, *hV7^77^t K^^JC? 

v>TPt±gftS:&l 2 33 J: O-'Ta S iN/N'V 
T^A-m 3£l. 7 ;U m^<D*§$lciQXU SBT 
~*K(BHl:tt3ftflltt#SAl) 1 1 igSttO^O&j&Srff 
do 2 biz, SBTSil l,PtT»**l 0,TiN^' 
T> 9 >vm 9 £5 J: XfT i)f 1 9 i, * f- 'J 

KjfcDILT, 12(b)i:itJ:o4:itti:t4„ K 

[0 0 3 5] ft, ±ESBTSR1 im&it<?>tztb<r>m. 
J&OgHCTaS IN/ty T> ?^Jf 1 3 jMftflffc-*-* £ t 

Lfci'oT, & B B B fLL;t^coJ:?tc&##v<.xt 
£ o r tK^ £ it & Hi t (± v ><o -e& 

4o iOCltli, TaSiNO-fcS-J&lglU l»J D3M*T-« 

[0 0 3 6] ifcl^ 0 2 (c)tC^-T i i It, XAy 
l:ioTlf3 0 0A<OTa2O5^''J7«tIl 4 £i£ 
»U tt^T» CVD(ft*If)SiIi>Tltf200 

0 A<0*7>TEO S (Si(OC2H 5 )4))m^©ES;LT 
^2^r^*g»^l 5it4. -?-cDf&. Ta20s^'J7*6 

1 1 ±<0*iau* MJy?-77-fScK7-fi7f>/ 

[0 0 3 7] :;t% ±JELfeJ:9tC, ^2§m^ 
(t/>TEOS)Il 5 *&£-T&IRKKlDtt1ft££» 

aSiN/<»J 7****1 3 4IILTV^(?)r\ .TcdtJc 
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[0 0 3 8] ^C, l2(d)i:^fJ:o U, JBIJ?4 0 0 

0 AT-Aim&S-^J&U * h 'JV^77-f ftfc K5 4 1 

X7f /T'fti-fflv^ripiLTAiyu - ngi 6t-r 

*. ^0 Lfc?£, #JES5t^ffl$W-:fc^T4 0 0"CT- 

[0 0 3 91 y^XTCVDS^ffl^TIf 5 0 

OOAf^XYTEOSMMLT^SiMSI 

1 7 t-f&o -e LT, * r- V y^'77-fftt K-7-f 

;o f >?'Si:J:or7-^I)t3^<')3>^7 r-*-;u£ 

[0 0 4 0] P2£<iL&vva*, ±BSfc»«#^* 

^RStCk&MOS V?>iSX9<7)!W\i£it&W&-fZ> 
titbit, 7K^fS-^ft#*"X (7 * - 5 > **#X) «PT1**l 

[0041] zoxiitLxm&ztitism&ft**') 

v»raB^L/j„ 0311, WiQ*E3 VNFtf>fl.ffi«#-# 
SUf'JvX^-T-^t. Hirj, «g73-SPrl± 
8. 5/u C/cm*T&t), fct^Ecl±4 0kV/cmT-*>), 

fco -^CO^, fPSnmE 3 V tefctt* V - ^ ^sf£<i 5 X 
lO- 8 A/cm 2 0 . epSDmiE 1 OVT'i *6^5S«3&*ie 

[0 0 4 2] ^{Z, **JfcO«]RU*Jlt4aft»*ft:>* 

40 [0 0 4 3] »l*^M->'; 3>^«2 i,r- hSit 
R2 2,V-X««»2 #«fa^#e«JJ£«tS«c) 2 3, K 
l'>«*(»2il|*i!-f'tt*ffi»a«)2 4,^1^F B 1^ 

27,3>?^F7 - 77'28,Tii3 8,TiN/<>J7^ 

^H2 9,p tTSu^te 3 o , mm&m'gftmm 3 1 , 

Pt±&$m&3 2,Ta2 0 5 /t';r^#)K3 3,^2^^^ 
iI3 4,«r3«M«4tR3 9 i5 i r>*A I f y h^4 0 

ii> hi it7f:t&mn.it it mi z>mimw.M 
50 a^*E%ifi;ti^iS) 3 , k w > mm (m 2 2gmM^*E%ie 
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4 , ^ i m mmm 5 , m^-m»m.mm 6 , * y 

v y n > y - KjH 7 , =7 > 9 9 h y'y 7 8 , T i)f 1 9 , T 
iN/>*y 7* 9, PtTSPmSl 0 , HlftttSMIV^ 

sii i,pt±aisi 2,Ta2 05/< , j T&mmi 4, 

h&l 8i:Wi:»*4:*LTV»4 0 

[0 0 4 4 ] $?>U. *lt«*>r^UUv»T(±, ±K 
Pt±gpmffi3 2±K»*Siifc±ETa2 0*/< 1 ; 7*&« 
«3 3*5J:y f ±IE»2«IB«i»Bt3 4#HP5itr, T 
itti3 5,TiN/*y 7-* ? ;UJf 3 6&^Al:/V~ h 70 
&3 7«M?ntV^ 0 ±ETiN/<y 7> 

3 5t*. ^21MII3 4 tTINM-'J 7^ * ;WB 3 
6 fcO3&*«T** 0 

[0 0 4 5] ±fifltfM->7>Hi. ^cOJ: ^ i^mtcj: 

(a) ROTH 5 (b) U^-T <fc 9 C » 1 Wfy y n 

2 bmtm2 2, V-*««2 3, KU>* 

it 2 4,»lfTOii2 5,*T-B»«l«{ftBt2 6,tf 20 
';vUn>7-Ki2 7,3>^^h7 r 7^2 8,TiN 
^'JT^^;H2 9,PtTgPmS3 o,Ktt^3si§m# 

^m(SBT3fM)3 i,pt±ar>ms3 2«?ti^o 

f Lt, Pt_tl$mfe3 2^1 . 7 ^m^O^:^ ^(C*PX 
S*U SBTSR3 l^MSti, SBTfl31,Pt 
TJMES3 0,TiN'<y 7* *^J»2 9 £ <fc tfT iS 3 

[0 0 4 6] •€-<0±U«»tT, ***^)JBSRU* 

*t * y jtfj-^flsjfc^i n C^AIic J: o 

T, 0 5 (cXcSrj-J:? Ta2 0s/<y 7«&liJR3 3 i3 JO 

J:U r «2«MIUKR3 4 4<»jftStLTSBTffjR3 1± 

[0 0 4 7] #ctc, H5(d)tc*1-J:^(c. Ti£Jg|Jf 1 
0 0AtflclRLtTj*fS3 5tt*o SfcKTiNS: 
Ml? 5 0 OAT^KUTiN^'JT^^^IS 6kt 
So f ^ lf4 0 0 0 At*Altt*MU Zti 

iPHTAiyu- h^3 7tn o Lfc&. *EE 

[0 0 4 8] **>±fcttlt"t\ *Xlft01$l|tC£ 

It & SUB Vtt > * y SHPOftrt^H twtfucio 
«3iMiK»R3 S&tVAWfv h*g4 0 

[0 0 4 9] ^<D£o \ZLxmj£2tltzlt&*r>-7)KD 

5eL£ 0 H6ii, enirass3 vB#o^««iP-»st^ 

C/<rf"C*l). Ct**Ectt6 OkV/cmT**'), @3i: 
^1 B MlfcoX$jRu«it«9ftll<^'ey*70bX7 h 50 
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'iyx;^yi:it8LT, *H?0«Prtt/,h3 < 
[0 0 5 0] ±E»W»-fftk^ry 

**-C*4TiN/<y 7> 3 6-?flttt?*VCv>« 

a^feitr, s BTSKKfttMSMi) 1 1 

JBE#14 K #f ft*** C Tfc fc * "C* * 0 
[0 0 5 1 ] i fc; ±EJttt* >^OV-^ 

*D«ff 3 VU*$lt&y-*«8tH±3 X 1 O-sa/cid 2 ^ 

+#***#*«k»**^&:M\ 

[0 0 5 2] ZtLlZttLX* ^m<DMBtZ&lfZ>&m 

m^^ya^uiJv^Ttt^ **^«r»s:. 

*5 J:?/7lc*^JiBftt*#i-^TaS iN/<U7> 
13fSSU.v^ 0 fit, £OTaSiN/*y 7* * 
^113li> SBTSI1 l^Sft^/c^co^ffiO^U 
t IS ill f t-f ^> *r t it % < iSSi^T^^ ^7^77X« 

0-e*^> 0 TaSiNM*'J7^^Ml 3 li. S 

«tt * * L T v cry X- MMM «9 (U L □ O §g □ x~$> 
*), STBSllimftlLooAiru-Ml 

[oo5 3] ?%t>-t>^ ^mmmm^xiui, ±e» 

y«r«I^T^, «J#Siirv^««rojJl JO«5fe«r 
§^ UB.oiE?|U"C * * > -=6 y *^ c t *c 

[0 0 5 4] ±E»^)iSCi3^T{i, TaSiN 
/<y )vm 1 3«i:ii^A7 ^feSrfflv^r^^ 

i^, ±IBHS60JBSUi3V^T«i. tK^^^^^n* y 7^ 
9)Vmt LTTaS »N^<y 7> * 1 3 fefflv^T^^ 

If. Zr,Nb,Mo,Hf,TaXinv0 9*>Offiix^— ofc 
Sit(7)Mft^> Zr,Nb,Mo, Hf t TaSr>*W<7) 

9 *>oMit*^at>*t s i t<nmit®>x~*>^xi>, * 
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[0055] ttz, ±.Mmmmmi~&^xi±, ±iet 

aSiN>K'J7> 9)\>m 1 3 O&j&^Tao. so S io.zoN 

* ?;v£Mx s ii-»N f tiLfc«^x, y £a*^ 

xTi#^£ Lfcig:£, 0.75^x50.95, 0 < y S 

UZiitz,, {B|_, Mf±, Zr,Nb,Mo, Hf, TafciJfW 

10 0 5 6] ffc, ±E**ftOJgJSgr«. ±ieKit%/?s 
^#SK<0t#tLTSBT*|gS:fflv>tt>4„ /o 

±teP ZT(Pb(Zr,Ti)0 3 ) ^SrBiaNbaOs, Sr 
Bi2(Ta,Nb)z09, Bi«Ti30i2, SrBi4Ti40i5, 
SrBi4(Ti, Zr)4 0is, CaBi2Ta2 09, BaBi2Ta2 
09, BaBi 2 Nb209, PbB \z Ta 2 Os^cDftftX t> M 

[0 0 5 7] ifc, ±E*tt0>J&gRUiav»TWU ttftft 
[0 0 5 8] <*2HJ6O^>^jfe<0^{i, «ft 
[0 0 5 9] -f *li«B-/'j3>»E4 l_h 

y- \mtm\ 2, v-^fflitt \^x<r>%2nmm. so 
^mawsm.t$L4 3&*u ! v\<->mi&tLx<7>m2m'& 

WtmatfflLffl§L4 4 Z^-tZMOStfTtm-ZtiXiS 
ili^R4 5-eat>*tTv^-5o ft, 4 6(±3f 

^H^StBEfkKt 8 * •) , 4 7 1* # y -> y n > 9 - K*-e 

fit, gliTOtl4 5KH±, JiECMOS 

[0 0 6 0] ±fe»l«m««R4 5±(C±Jtt-&3>^ 
? h7'7^4 8<r>&W.lzli.^ TiN/<y 7> ?;Wi4 9, 
PtT»**5 O.Rft**«*#J*«5 l,TaSiN± 40 
Si5m®5 2!4 { IRW«?iiT, ±E*-v/<v*8fc&fl|j£ 

£IK. TaSiN±gf5^&5 2 ±K;fclt* S£ 2 J§ F4^R 
5 S^HPSftT, Al^b- hi&5 4 T^JS^ttTv* 

[0061] $ itmm 3 •mi&i«jK5 5 r-s*> 

ilTv»4 0 -E-LT, *3»B«»JR5 5tCiilt*V-^ 
i£4 3 t i v?? hiMZfcibOAl t*y htt5 64*B 



#H3¥l 1 - 1 2 6 8 8 3 

72 

[0 0 6 2] ZZX\ ±I£TaS iN±S6mS5 214, ^ 

&i*t#sgt5 1 «>**b*u, s<k»Ae«flc9R 5 1 

£ t &X~ # & £<, 
[0 0 6 3] J-J.T, ±ETaSiNJtgEmS5 2ia^ 
ftftRBBftffJK 5 1 <0 y - **art#ttSMfc|*jh»*K 

[0064] i8(d)ii, ±%t') -?mifi&\immmm 
4x1 o'noT-u-r **fc-Ku#aoff«e#i» 

[0 0 6 5] 1"^t>t>, NIv>;n>if 6 i_h(c, n 
+ M^*6^?4£tfc^ 6 2 (IH7l3;fclt.2>MOS£ffl.5t):fcJ: 
f*llll||g»i6 3**3g*$HTV»4 0 fLT, *1 
iTO»!6 3i:ii, N+JB^F#t»ffitMI6 2 + 
Sr^M"t^>^i6<7)*'y ->y 3>7 , 9^6 4 

j&stu ->y 3>^/6 40»i^^iffe#ji 

6 3^ib^aiLTV^M^ft;(i-9-^ Ke 7t _ >)l/6 5 ^ 

[0 0 6 6] ±ie^y v l Ja>7'5J'64 K 
* * 6 5 **tf»f5ea*fcli> ±EBHi:tt*B;«# 
^ffili: LT«7)*-VM->^1«I6 eii.tUfTaSiNigp 
SM6 7*«?*iT, ±IB^i'>'^v^SPi-«gcLTV» 
*o ^t5 j »2/1B^)^6 8T-at.tLT^ 

-e-UT, ^2«|H]^R6 8 t;fc»t*TaS iN±SP 
^S6 7±m±=r>^^ h*-jp^^$tt, TaSiN 

[0 0 6 7] ±IE«Jftt*-t-4y-^«8Mfttffaffl* 

8 (a) HTjrtJ: d NIv'j3>Sf6 l^ICN 
+ S^*E%)!S:tiS 6 2 iJ&fgLLfztk, BPSGt-^i 

±(-iilt^B)f^<oea(r, * h y y ^57 4 mt 
*^*»x ^F^fettL/w'-Ky ->y 3>^a^ix^t:•-•^•v 

■/ , i3>y5/6 4^iif4„ -f-LT, *h'JV^9 

5 5 /umX 0. 3 >um<0ffiJg<7)aJt : &ffM-r-i>o 
[0 0 6 8] HI 8 (b)ll^-f J: 9 (; N CVDM 

m^xmmi 0 0 0 A <t)NSG (non-doped silicate gl 

5?rfM-f-i>o -?"<0^, 7> ; e-7'ft:i 3 VtRTA(R 
apid Thermal Anneal ing)U X ■oX^MB.it'&Mifi 



-7- 



13 

V\ mmi 2 0 A^TazOzSJgfcC VDStffli/>TS 
KLt*tA-->^J6fl6 6i:t4o f Lt, TaaOz 

^H^:*T-5 oot;-7oot,3 0 5-rflo««:^ff 

do *--?Lfc?£U, 0 8(c)tc^1-J:9tc, MVl 0 0 
0 AT-TaSiNSM?r^LrTaSiN±SP«g6 7 t 

[0 0 6 9] ft, ±B**/<y*«»R6 6*£jeffcS 
^*£#0&J&cD|£HCTaS iN±§6^S6 7 T^JI-ft-f 

Lrv»& 0 fofcftt:; JhB»*i:J:9T, ttff&ttft 
*flsfife* 6 6*»f>TaSiN±«m* 

6 7ffl^fttt±d fc-r*»**«it**caiiifSjt4o-e* 

So 

[0 0 7 0] ±l5TaSiN±gi5«S6 7 OJftRKttRic. 
*3 0 0Wtf4-^ Si*-r? 

4 0 0WU^ a-^^ + U^ttSNa^SESJt* 1 20 
0%tL> J£JKE27ti:4. OmTorrt L£o f LT, ± 
ISIfefr'e^lBIL^TaS iNSMoa)S<±Tao.8o S io.20 
No.59f*^;ti, RBS Srfflv^cjIJ5et: £ o T?tE 

[0 0 7 1] -eof*, H 8 (d) Ktk-T i^i:, * h >J y 

mm6 GSO-'TaS iN±SPmfe6 7 0/N'^-^>^?rfi : 
C VDj££ffiv>-ClRl¥2 0 0 0 A<Ot'/>TEOS 
R*J£j£LT#2«miMKK6 8 fc-fSo *5 L/c«, 
*»«ODRAM«JtXSOftfr*fil)eLT, SSf^H^ 50 
^-e5 0 0t- 6 0 0"C, 3 0»-H«>«Jft**T7 o 

[0 0 7 2] ^tC, ±|E»2«W*6lt«t6 8U*J»t*T 
aS iN±g&m«6 7±<D#rSg©&SK, *hUV^77 

Sr?gj£U TaS\H±W&m6 7 b =i> 9 9 hZM&tc 
#><7>AI3l£±lf^6 9 £1811? 4 0 0 OAffMt 
So f LT, *h'JV^77-f£Si K7-fx-;f>yg 
t£ffiv>TAl3l£±lfm&6 9£j£S!!LT. 071C7F 

[0 0 7 3] CO* ?ULT«JS$frfc 

if ffiJB aw= * tt s %tmk<r> * -v / < -> 9 mmm 6 6 © >; 

W^-g-^ilD^ii, Al?|#±lfmg6 9 t N+S/p^ 

7to -e-o^, ensp^jEi. o vn&ifzv-t'&mi 

1.2X1 0-'A/cn*-C*>9, iSSf^tt^-V^v? t L 
[0 0 7 4] **iS<OSSUfcltSiSlf^#^^ 50 



1 1 - 1 2 6 8 8 3 
ov^T^So I9(d)li, ±feit«<-9->-7';K7)BrEll 

T*5*)So 

[0 0 7 5] NS->'j3>it7 1 , N+S2^MMtifc 

mi 2, mi mm$&.m.wk 73,* | jy'j3>^7?-74, 

♦ 4 K^*-;U7 5,#t;N-y^«7 6,*2iTO 
»Bt7 &&£U t A\3\&±ifWfe7 9li, i8(d)i:ft 

Niy'j^ste i ,n+m*mdVLim& 2,mim 
6 5,**s*i>>?mmm6 6,m2mm^mme s&iv 

[0 0 7 6] Zhiz^ ±|BJfc«-9->"r7HC*v»Tli. ± 
E**'<vi'*6*JBl7 6_LKTiNJigBm&7 7 7J f fiM 
3*i/C*J«K ±ISAI?|#±JfSS7 9 t=>>99 htf 

[0 0 7 7] ±ieit^(-9- > ^fco J; t fc^JHU «t 

9 mft^fFfiffflST-OffrS^JK fc H J: o 

[a 9 (a)#?>*0 9 (b) U^-f -t O Niv V 3 >mSi 7 
l±tc, N+IMftftfici? 2,»l*n««|H7 3, 
-1f'J->';=f>-7'5y7 4,-9-^ K->*-;U7 5,**/<v 

?tmm7 6**M®.$tLz> 0 fit, **6»n 

[0 0 7 8] frlZ^ 119 (c)tC^-T «t o U, CVDfeJ- 
fflv>TJ&UPl 0 0 0 A-?TiN*lt*j&j«LTTiN±» 

st7 7 t-r^o 

[0 0 7 9] Sgv^T, *H*fi^)BJ^Ui5ttS';-^m»it 
(d) (1^1" # * ^ v *fe^M 7 6 i: t>*T i N± 

It 7 8H±ZfA\3\£±.lfW.U7 9&mf&.ZtlZ B Zi 

[0 0 8 0] 9 J-LTJf^$tt^:ite£-9->7';Kc 

SEEl. 0 VtCj3ttS'J-^mitl4 4. 13X1 0- 6 A/c ' 

m^fcm.m.-m.&m^.mmj-izitn l 2 tf@js<o >; 

v^i LTfflv^^Ji^+^^r-^So iSj, ±fB'J- 
^SaEOlij!)n(±> ±EJt«:*V'/^o±»*«(±TiN 

[0 0 8 1] djttc^LT, ^JfeOff^lciiltS^iS 

^*p< mtt'ev'frit Ltz')—9 m.m^mmmm 
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<7>Tas iNjtasflis6 7t±, mutoi&wmwnEkx $> z> 

* \ /« v * 6 6 0**OBR ^ B a a <b1- * - t li 

£<&^T-£^&7**7r7,;»^£;it#LT, Ta 

<,zmmx&z><?>x$>z> 0 

[0 0 8 2) -5-LT, 9 ^^J&coff^.^Jatt^ 

li> ®7tc^1-J:^-5 r ptTSe^g5 0,glib%i§iM^ 
>tlgl5 1 fcJ:t/TaSiN±SISSM5 2f||S?W + t 

[0 0 8 3] ft, ±IE3liS<7>®SU::i3v>T(i> ±IETa 
S iN±SPl;ffi6 KVJ&mzitX^ y 

?*tLTTaSiNtfflv>ri,^A^ i O^li. ;ix 
^^?tt-& ^(OT-li^v^ 0lJx.(f, Zr,Nb,Mo, Hf, 
Ta&tFWOd •t.OMtt^— Ot S i t<r>mV$B, itz 
li, Zr, Nb, Mo, Hf, TaRXFW<T> o ■t><7)ivH\frff)%8.t> 

*t t s i t <Dmimx$> ot^ mt^mmm^ <b o 
&m-ffx<omi*V}±X'&, ±isTas in tjjtrrawo 

[0 0 8 4] JiBMfcO&XrciSV'TIi* ±ie& 

%if7.<F>>^) rmt LT^TaS iNJbgB^g6 7<OM 
7> ? Tao. so S io. 20 No. 59 LT 

f£3f2f7.^'7 7> ?;^M< S h-xNy iiLtS^ 
?>&x, y Srtt^^Tfi^Sr L£*§*> 0.7 5=fix^ 
0.95, 0 < y ^ 1 . 3 T-^tLlf , *^*"^igSr^*^ 
If t>*t*it*mtS:$*tfe 0 ilU Mli, Z r, Nb, Mo, 
Hf, Ta&£TFW<7)7 %<r>mft-frXi>Z> 0 

[0 0 8 5] 

fcSSBS* <£> t*M:BMbft3fiCi«tt;*fl(. ±as^ffi£^tj-# 

« #7. -^m o s ftfemg.titiz'mm 2 iizfrm &±m 
-> * <D$f&&it * mm x § -5 o 

[0 0 8 6] ±fE;<';7Jf li, ±EBEfb»«* 

^M*^Sfb?^-5.^*<7)^iaj8T*$SB B B -fbi--5> C t 



(9) 1 1 - 1 2 6 8 8 3 

[0 0 8 7] ifc, «|3|^2(c#*5&W«>**#.**y 
SH^CiJitSieMy 7Jf (±, -»3X>) A, -*7\* 

->«; r?> t<r>mtmnmx$>z><Dx, mw.&ns.vx.m 

[0 0 8 8] ifc, B*JS3 

L£:irg-lC, MxSh-xNyf^n, 0.75S 
x^O.95, 0<y=Sl. 3T-*>^#$4--CfM$iXT^ 

^^If^^t^-Ci^o 
[0 0 8 9] itz, IS** 4 

30 GBMkftftttttftffKo >; -^m»£#14o^lb*liljir- 

[0 0 9 0] ?<bic, ±B±««*Ji, ±IBi$fb!»S5gl 
^at^<0M^iaS-C*S B 1i-fb§^^.wi:^< 7**7 

* *' 7. (Oik «t Kit Sr »jR ffj T- § o 
[0 0 9 1] itz, W*« 5 

*><DisrtL^-ot v >j 3 > t oaffcftiMlv *^»vwi, 
40 ±iev*3^r>A,i^-7-,^eij 7f>,A7-H,A, ^ > 
^ * ^ X LK ^ > r 7s 7- > CO 7 <OWtlfr<t>ia.A>&t>l£ t 

if x&m&zGL, ^is^T-^^7**7 r7 

[0 0 9 2] itz, m$.m6\Z%Z>%W<7)¥.ig#.j*i) 

') y'7'>,^7-<yA,9>9)l'RU : 9>9-Xf->iMt 
m?.L, ±IE->'J 3>SrSitSIEL, g^^Nt^fE 
Ljttft-g-U, Mx Sh->NyT-S$*t> 
50 xSO.95, 0< y S 1 . 3 XhZtt&XfcfcZtlT^ 
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(10) 

17 

[115] H4{;^-tae*coSifs#>^';#^f^^ 

MI'Sr^i"llT-^)^>o 



^l*§¥l 1 - 1 2 6 8 8 3 

18 

[0 8] E7 tcTjvf &tsm*M * m?i:*r)Hti 7t 
[®9i fE*«>*iMMM * * * f*-ffe l y - 

1,4 l-*imay'j3>jS«, 2,4 2-y-hSI 

itm. 3,4.4 3, 4 4 -m 2 *«&TOeMMi«4t, 

5,4 5, 6 3-*l*MMftK, 8,4 8-3^ 
tYrfvr, l o, 5 0-PtT»mS, 11 
-••■MMfeSMUMMMU 1 2-Pt±tt*K, 

1 3— TaS iN^U Tj< *;Uf , 15,53,6 
8-#2J|mttlftRU 1 6, 5 4-AI7U- hf|U 1 
7. 5 5—fc3*IBMft«BI, 18,5 6— A I If 7 

h&> 5 1 -ttftftftfllttttifBl, 5 2,67 

-TaSiNiSPSfils 6 1-NI->'J3>*«, 

6 2-N+I^Wti> 6 4--f'Jv'j3>y 
7^, 6 6 9-AI5I 
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(12) 



1 - 1 2 6 8 8 3 
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